In the framework of BLMSSM, the Higgs decays h 0 → Zγ and h 0 → m V Z are studied where m V 
I. INTRODUCTION
The Higgs boson h 0 with mass around 125 GeV was discovered by the CMS and ATLAS collaborations simultaneously in 2012 [1] . As a new elementary particle, h 0 is consistent with the neutral Higgs boson predicted by the Standard Model(SM) to a large extent. It indeed is a great success because the discovery ends an old epoch and opens a new one. However, many questions have been raised which challenge the SM framework. If fermions obtain masses uniquely from their Yukawa couplings with the Higgs field, the ratio of m t /m e is about 3.5 × 10 5 ; neutrinos have tiny masses m ν around eV order [2] . It is indeed surprising to note the ratio of m t /m ν to be at the order of 2.0 × 10 11 [3] . If the neutrino masses were simply from the Yukawa couplings with Higgs, one may ask why the gap is so large?
Nowadays it is explained with the so-called see-saw mechanism. The hidden physics scenario
is that the hierarchy problem should be solved in the models beyond SM.
There are many models beyond SM, and almost any of such new models includes more than one Higgs bosons (charged and neutral) [4] . Furthermore, the patterns for the Higgs couplings with the fermions are more complicated than in SM. Especially, the Higgs couplings which induce flavor changing and CP violating exist in many of the new models [5, 6] .
Emergence of those new particles along with the new interaction causes corrections to the standard Higgs couplings and may produce non-standard Higgs effective couplings. At tree level, there is no h 0 γZ coupling, but it can be produced by loop diagrams [7] . This coupling is very important to probe the new physics.
In the new models, there are additional charged scalars, vector bosons and fermions coupling with the Higgs boson. They contribute to the h 0 Zγ coupling through loop diagrams.
With respect to the SM prediction, the modification of the h 0 Zγ coupling is expected. To determine whether the discovered Higgs boson with mass around 125 GeV is indeed the particle in the SM, it is effective to study h 0 → γγ and h 0 → Zγ. In the SM prediction, the branching ration of h 0 → Zγ is comparable with the branching ratio of h 0 → γγ and they are respectively B(h 0 → Zγ) = (1.54 ± 0.09) × 10 −3 [8] and B(h 0 → γγ) = (2.27 ± 0.05) × 10 −3 .
Taking Higgs boson mass as 125.09 GeV, the ATLAS collaboration give out that the upper limit on the production cross section times the branching ratio for pp → h 0 → Zγ is 6.6(5.2) times the SM prediction at the 95% confidence level [8] .
The authors study the process h 0 → m V γ in great detail with m V representing a meson [9] .
In the work [10] , the authors use an effective field theory, where the dimension-six operators correct the Higgs couplings to fermions. The dimension-six operators are suppressed by the new physics scale Λ, and they can give corrections to the scalar couplings of the Higgs.
Beyond SM, there are pseudoscalar couplings of the Higgs, that are completely the contributions from the dimension-six operators. The new physics can give contributions to the dimension-six operators, and affect the Higgs coupling to quarks [11] . With the phenomenological Lagrangian, the exclusive weak radiative Higgs decays h 0 → m V V, (V = Z, W ) are studied as probes for non-standard couplings [12] . According to decay topologies, their contributions are divided into two types: the direct contributions and the indirect contributions.
For the direct contributions, the quarks forming the meson couple to the Higgs boson directly. On the other hand, the meson is converted by an off-shell vector boson through the local matrix element [13] in the indirect contributions. The direct and indirect contributions interfere strongly in the decay h 0 → m V γ [9] . The indirect contributions of the decay h 0 → m V Z are produced from the effective h 0 γZ vertex and they are more important than the direct contributions, especially when m V is a light vector meson [12] . QCD factorization [14, 15] is used for the exclusive weak radiative Higgs decay h 0 → m V Z.
In the decay h 0 → m V γ, m V is just a transversely polarized vector meson because of the photon being transversely polarized. Since the final state Z boson can be in both longitudinal and transverse polarization states, the produced mesons can be pseudoscalars and vectors. The effective vertex h 0 γZ is important and it obtains contributions from the new physics through loop diagrams. In this work, we study the Higgs boson decays h 0 → m V Z and h 0 → Zγ in the framework of the BLMSSM which was first proposed by the authors [16] . The BLMSSM is the minimal supersymmetric extension of the SM with local gauged baryon number and lepton number. It can explain the matter-antimatter asymmetry in the Universe. In this model, Higgs boson mass, the decays h 0 → γγ and [16, 17] . In our previous works, the lepton flavor violation processes, lepton EDM, quark EDM are also studied in the BLMSSM [18] .
After this introduction, we briefly present the main ingredients of the BLMSSM in Sec.
II. The Higgs boson decays h 0 → Zγ and h 0 → m V Z are studied in Sec. III. In Sec. IV, we show the input parameters and the numerical results. The discussion and conclusion are given out in the last section. Some formulae are shown in the appendix.
II. THE BLMSSM
The local gauge group of the BLMSSM is ′ to make the heavy exotic quarks unstable. We show these new superfields in Table   I .
H u and H d are SU(2) L doublets, whose concrete forms are
The SU(2) L singlets Φ B , ϕ B , Φ L and ϕ L are written as
In Eqs.
The superpotential of the BLMSSM [16, 17] reads as 
Here W M SSM is the superpotential of the MSSM. To save space in the text, we do not show the soft breaking terms L sof t here, which can be found in the previous work [17] . 
with s W = sin θ W , c W = cos θ W . Here, θ W is the weak mixing angle and υ = υ 2 u + υ 
The loop diagrams with new physics can produce additional corrections to both h 0 → m V γ and h 0 → m V Z. Though the processes h 0 → m V γ and h 0 → m V Z seem similar, they have essential difference. For h 0 → m V γ, the final state photon is on shell and massless, which leads to the loss of longitudinal polarization. We show the invariant matrix element
Here, k γ (p V ) is the four-momentum of the photon(m V ), while ε * γ (ε * V ) is the polarization of the photon(m V ).
In the rest frame of the m V , Eq.(6) can be written in a more familiar form. With the
Vk γ , we obtain the following formula in the transverse basis [10] 
Eq. (7) does not include longitudinal polarization, because the on-shell photon is massless and has no longitudinal polarization. The triple productk γ · ( ε * T V × ε * γ ) is the only Podd observable in |M| 2 , and its coefficient is proportional to c S c P . c P is the new physics pseudoscalar Hqq coupling, which is embodied by the nonzero value of the triple product.
Unfortunately, the photon dose not decay and we are unable to determine ε * γ , that leads to the failure for the measurement of c P .
To solve this problem, we replace the photon with a vector boson Z, whose polarization can be measured through its decay. Different from the photon, there is tree level coupling of Z and Higgs boson. Therefore, an additional tree-level diagram contributes to the decay
The coupling of Zqq includes axial-vector term, but this term in the matrix element of h 0 → m V Z vanishes at the leading order in NRQCD. We takek Z as the direction of Z in the rest frame of m V . Using the similar analysis as h 0 → m V γ, we obtain the formula in the rest frame of m V and the transverse basis
Z and c Z P can be found in Ref. [10] . Through the decay products of Z, people can measure ε * T Z . If nonzero value of triple product is measured, one can be convinced of a clear signal of c P .
For the decay h 0 → m V Z, the Feynman amplitudes are generally parameterized as
with k Z representing the momentum of Z. ε µ V is the longitudinal polarization vector of the meson, while ε ⊥µ V denotes the transverse polarization vector [12] 
In Eq. (10), one obtains the polarization vectors of Z using the replacement
The decay width of h 0 → m V Z is expressed in the following form 
Here, the vector and axial-vector couplings of Zqq are denoted respectively by
. f q V is the vector meson decay constant, whose definition reads as
To calculate the results, the following relations are used
The concrete forms of C γZ and C γZ in Eq.(12) are shown here [19] 
where τ i = 
The functions R 
In the same way, we use
The SM value ofC γZ is zero, therefore only new physics contribute toC γZ . In the BLMSSM, these new particles giving corrections toC γZ are exotic leptons, exotic quarks, 
In the following, we show the concrete forms of the needed couplings
The couplings for the Higgs boson h 0 and exotic quarks are deduced in Ref. [17] ,
The coupling constants (N
One neutral vector boson(γ, Z) couples to exotic leptons [21] 
We show one neutral vector boson(γ, Z) coupling to exotic sleptons
The Lagrangian for one neutral vector boson(γ, Z) and exotic squarks couplings are [21] 
The neutral vector bosons couple to the exotic quarks
To save space in the text, the couplings for h 0 -exotic slepton-exotic slepton and h 0 -exotic squark-exotic squark are collected in the Appendix that includes the couplings A S * 2 S 1 h 0 and B S * 1 S 2 h 0 . As discussed by the authors, the QCD corrections to the process h 0 → Zγ are around 0.1% [22] . That is to say, the QCD corrections are very small and can be neglected safely.
Up to now, LHC have not observed the decay h 0 → Zγ. Announced by CMS and ATLAS, the upper bound on this decay is about six times the SM results, at 95% confidence level [23] .
The constraint for the parameters is obtained from the bound and shown as
For the light vector mesons, the contributions from the photon-pole diagram are dominant.
However, this type diagram turns to subdominant for the heavy vector mesons. [24] , the direct contributions are obtained
At first sight, this type direct contributions seem comparable with the indirect contributions in Eq. (12) . In fact, the numerical results of the direct contributions are still strongly suppressed.
IV. NUMERICAL RESULTS
In this section, we calculate the numerical results and consider the constraints from the 
To simplify the numerical discussion, we use the following relations
A. the process h 0 → m V Z At first, we study the decay h 0 → ρZ and the used parameters for the meson ρ are Thirdly, the needed constants for φ are m φ = 1.02GeV, f φ = 0.223GeV, Q φ = − At last, h 0 → ΥZ is studied with the following parameters from the meson: In the models beyond SM, the new physics can produce P-odd coupling and give corrections to P-even coupling. Therefore, the rate of h 0 → m V Z is enhanced. h 0 → m V Z is rare decay, whose branching ratio is small. So the present experiments are unable to measure h 0 → m V Z. The decay h 0 → m V Z is theoretically calculable, experimentally promising, and should be a priority at future hadron colliders. It is accessible at HL-LHC and future high energy colliders [11] . 
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